Introduction
Fibromyalgia is a chronic pain condition that is not fully understood and often misdiagnosed [1] . Symptoms include chronic pain, fatigue, sleep disturbances, somatic symptoms, psychological distress and morning stiffness [2, 3] . Diagnosis is based on a combination of patient history, physical examination, laboratory evaluations, and exclusion of other conditions [4, 5] . The majority of patients with fibromyalgia are women in midlife, and the prevalence increases with age [6] . Symptoms are exacerbated by stress [7] .
The organic aetiology of fibromyalgia remains unclear, and thus it is a challenging disorder to diagnose and treat [4] . Patients find fibromyalgia emotionally and psychologically distressing,
Systematic review
The aim of this systematic review was to explore the existing international literature [25] in order to assess the evidence for the effectiveness of mindfulness-based interventions on the subjective experience of physical symptoms and psychological distress outcomes in patient populations with fibromyalgia.
Reporting of this systematic review follows PRISMA [26] and Joanna Briggs Institute (JBI) guidelines [27] .
Method

Data sources and search strategy
Any experimental study design including randomised controlled trials, non-randomised controlled trials, quasi-experimental or prospective or retrospective cohort studies, published in English, was included for review. Inclusion criteria were: a confirmed diagnosis of fibromyalgia, with no restriction on how the diagnosis was confirmed; outcome measures related to physical symptoms and/or psychological distress; separating reporting for patients with fibromyalgia where studies included heterogeneous samples; and sufficient information on the effectiveness of a mindfulness-based intervention, expressed as effect sizes, or mean differences.
The search strategy aimed to locate both published and unpublished studies. A three-step search was utilised. An initial limited search of PUBMED and PsycINFO was undertaken to identify potential keywords, followed by analysis of the text words contained in the title and abstract, and of the index terms used to describe the article. A second search using all identified keywords and index terms was then undertaken across all included databases. Thirdly, the reference lists of all identified reports and articles were searched for additional studies. Search terms are listed in Table 1 . 
Study selection, critical appraisal, and risk of bias assessment
The first author retrieved all relevant titles and abstracts (N = 132). Full-text publications of studies that were potentially eligible for inclusion (N = 21) were read and checked against the criteria for eligibility for inclusion in the review. Ten papers met the eligibility criteria and were included in the review. The included studies were assessed according to a list of predefined criteria (MAStARI critical appraisal tool) as outlined in the JBI guidelines [27] . The list of criteria appears in the first column of Tables 2 and 3 below. Randomised controlled trials and cohort studies were separately evaluated with the appropriate criteria sets and a quality score produced (%) for each individual study. A quality score was assigned to studies according to the degree to which they met the relevant criteria set: 'high quality' (low risk of bias, high confidence in estimate of effect) was indicated by a score of 70% or more; 'average quality' (moderate risk of bias, moderate confidence in estimate of effect) was indicated by a score of 50-69%; and 'low quality' (high risk of bias, low confidence in estimate of effect) was indicated by a score of less than 50%.
Data extraction and analysis
Data were extracted from included papers on study population, design, intervention, duration of follow-up, and measurement and outcomes of physical symptoms and/or psychological distress. A brief summary of the reported results from each study is included in the final column of Table 4 below. Studies were grouped into the categories based on their design (randomised controlled trial or cohort study). Quality of evidence, outcomes measured, reported results, study strengths and limitations are all discussed.
Results
The results of the search are shown in Figure 1 below. Five studies were randomised controlled trials [28, 29, 30, 31, 32] , two were controlled cohort studies [33, 34] and three were non-controlled cohort studies [35, 36, 37] . Characteristics of each study are outlined in Tables 2 and 3 below.
Study characteristics
Data of the quality assessment (based on JBI guidelines) of the included studies are provided in Table 2 (randomised controlled trials) and Table 3 (cohort studies) below.
The mean quality score was 70% (high quality), ranging from 33% to 100%. Six studies had a high quality score (>70%) [28] [29] [30] 33, 34, 35] , three studies had a moderate quality score (50 -69%) [32, 36, 37] , and one study had a low quality score (<50%) [34] .
The specific outcomes measured across studies were highly variable; both in type and the way they were measured. Outcomes of all studies assessed subjective experiences of the symptomology of fibromyalgia (e.g. pain, functioning) or psychological distress (e.g. depression, anxiety). All except one of the included studies used outcomes that relied on self-reporting by participants; the exception used a body scanner to record skin conductance levels. Intervention design was described in all studies. Selection bias was present in four studies [33, 34, 36, 37] . All included studies used a mindfulness-based group program design. The outcome measures and data presentation varied too much to make statistical pooling possible. Therefore a narrative analysis (evidence synthesis) was completed to summarise the value of the prognostic indicators on common key outcome measures. Three studies had interventions based on the MBSR program, with some variation from the protocol set by Kabat-Zinn et al. [20] . One study's intervention was delivered over 10 weeks rather than the usual 8 weeks [35] . One study incorporated Qigong, a Chinese movement therapy, into its intervention design [28] . One study used a mindfulness-based meditation training (MMT) intervention design (based on MBSR and Mindfulness-Based Cognitive Therapy), which the authors explained was designed to accommodate the physical limitations of the fibromyalgia population [34] .
Effectiveness on physical symptoms
Seven studies reported on the effect of mindfulness on physical symptoms. Definition and measurement of physical symptoms across studies varied, and included pain, condition-specific symptoms, functionality, and sleep quality. Two studies reported an overall positive improvement in measures of physical symptoms in MBSR participants [33, 35] . Two studies reported significant improvement in measures of physical symptoms for MBSR participants but demonstrated no significant between-group differences with the active controls [28, 30] . Two studies reported no significant change in measures of physical symptoms in MBSR participants [32, 37] . Six studies reported on the effect of mindfulness-based programs on pain-related measures. Of these six, four studies reported significant pre-to post-intervention improvement in pain-related scores. However, only one of these studies (with control group) reported significant betweengroup differences in favour of the MBSR intervention group [28] . For the other three studies reporting positive changes, there were no significant between-group differences. Two studies [29, 36] reported no significant change in pain-related measures for the mindfulness-based intervention participants. Two studies measured and reported on pain-related coping (patient's perception of ability to control and decrease pain), both finding the MBSR intervention produced a positive or significant improvement in the treatment group [28, 36] . Three studies [28, 30, 35] measured and reported on sleep. One study reported positive clinically significant changes as higher for the MBSR group (17%) as compared with the wait-list group (10%) and the active control group (7%) [30] . However, these results did not produce statistical significance in their comparison between-groups by analysis of covariance. One study reported that 60% of the patients with fibromyalgia who received the MBSR treatment experienced a positive (improvement) mean change of 2.6% [35] . One study reported the MBSR treatment group demonstrated significantly improved sleep at both the post-intervention and 3-year follow up time points [33] .
Five studies used the Fibromyalgia Impact Questionnaire (FIQ). The FIQ is a 10-item validated disease-specific scale that assesses physical functioning, pain, depression, anxiety, fatigue, morning tiredness, stiffness, job difficulty, and overall wellbeing. While two studies [29, 35] reported a positive mean percentage change, a high-quality RCT reported the MBSR intervention and active control groups both had a significant improvement on the FIQ [28] . Two RCTs reported no significant results with regard to FIQ scores when compared to Sense of Coherence (SOC) as a variable [32] or between-group differences [30] .
Effectiveness on psychological distress
All ten studies assessed and reported on various measures of psychological distress. Four studies reported significant improvement in the mindfulness groups on all measures of psychological distress [28, 29, 33, 35] , which included depression, anxiety, psychological distress (specific), and perceived helplessness. One study reported that the MBSR program produced a significant decrease in avoidance, and increase in engagement and efficient disengagement from painrelated threat [34] .
Three studies reported mixed findings related to psychological distress in MBSR intervention participants. One study reported that SOC significantly increased in the MBSR group compared to the wait-list control group, and that higher SOC was significantly correlated with lower levels of perceived stress and depression [32] . However, SOC did not buffer the effects of fibromyalgia symptoms on psychological distress in the treatment group. One study found that while the MBSR group had a range of significant pre-to post-treatment changes, there were no significant differences between groups for anxiety or depression [30] . One study reported significant effects of MBSR intervention for somatic symptoms but not cognitive symptoms [31] . Two studies reported non-significant results for the MBSR interventions on psychological distress [36, 37] .
Three studies reported on measured and reported quality of life (QoL) outcome measures. One study reported significantly greater benefits on QoL in the MBSR group compared with the active control group, including sustained benefits at the 3-year follow up [33] . One study reported modest significant pre-to post-treatment improvement for the MBSR group, with no significant differences between groups, with the whole cohort improving significantly on the health-related quality of life (HRQoL) measure [30] . One study reported that the small fibromyalgia sample in their MBSR cohort who completed the program experienced statistically significant improvement on three of eight HRQoL measures (mean d=.49), including general health perception, vitality, and mental health [37] .
Results summary
Of the ten studies included in this systematic review, all claimed significant positive benefit, to some degree, of a mindfulness-based intervention for patients with fibromyalgia. While there was consistency in the design of the mindfulness-based interventions, the outcomes measured, sample sizes, and data presented varied extensively. Therefore, direct comparison of the studies is limited and reliable conclusions cannot be drawn. 
Discussion
Main results
Despite research that has been conducted in the area of mindfulness on chronic pain populations, this is the first systematic review of the literature that focuses on the effectiveness of mindfulness interventions on patients with fibromyalgia, regarding physical symptoms and psychological distress outcomes. Consistent with the previous literature, most of the results indicate improvement in fibromyalgia-related symptoms in patients who participated in a mindfulness-based intervention as compared with a control group. Generally, the included studies were of moderate to high quality, with one exception. However, the heterogeneity between studies regarding numbers enrolled in the cohort, duration of follow-up, loss to follow-up, and outcome measures used is considerable. This limits direct comparability of the studies and makes it difficult to draw reliable conclusions about the efficacy of mindfulness-based interventions for fibromyalgia.
Presence and impact of limitations of included studies
There are a number of limitations applicable to the available studies as a whole, and others specific to individual studies. All included studies used a similar MBSR-or MBCT-based intervention, which is a strength in terms of intervention consistency. However, the commitment and energy requirements of these intervention programs are significant [30, 36] , and patients with fibromyalgia are often functionally impaired, with fatigue a common symptom. This leads to the conclusion that any significant results reported are generalisable only to patients without severe functional impairment, who have the interest, time and ability to participate in such meditation-based group interventions.
Nine of ten included studies included only women participants (and the other study had only one male participant in its MBSR group). While fibromyalgia is most common in women, the male to female incidence ratio is about 9:1 [38] ; therefore the samples of each study are not truly generalisable to the population.
Across the board there was little attempt to separately evaluate the individual components of the mindfulness-based programs on the outcomes in any of the studies. This was of particular concern in the one study's intervention, which included a large Qigong component in the program design [28] .
Small samples, high attrition rates, inconsistent follow-up periods, high loss to follow-up, and high use of subjective self-report measures were common limitations found in most of the studies. Finally, three of the included studies did not have control groups for direct comparison. These limitations are important to note, and pose a high risk of bias affecting the conclusions reached. Fortunately, consistent acknowledgement of study limitations by the authors avoided intervention effects being over estimated.
The randomised controlled trials using active control groups receiving comparable programs (controlling for the nonspecific effects of the mindfulness programs) [28, 30] both found the control intervention provided some therapeutic benefit. Both studies found nonsignificant differences when comparing the mindfulness-based and active control groups. Thus the researchers were unable to conclude that mindfulness-based intervention was superior to the active control (education/support-based).
Directions for future research
Ideally, to reach a definitive conclusion on the efficacy of mindfulness-based interventions for patients with fibromyalgia, consistent intervention designs, standardised measures and consistent follow-up measures are required. Given the variability found in the small number of available studies, a need for further research is evident. Such research requires carefully conceived and executed randomised controlled trials that take into account the necessity for both methodological stringency and specific condition-related needs. For example, one MBSR intervention should be tested using RCT methods across a range of participants with verified fibromyalgia, with Ns that allow for statistical power. Research of this nature requires longitudinal data collection.
Conclusions and implications for clinical practice
Mindfulness-based programs, as a mind-body therapy, may be a promising adjunctive treatment for a range of physical symptoms and psychological distress in patients with fibromyalgia. However, the findings of this systematic review are varied and inconclusive regarding the efficacy of mindfulness for fibromyalgia patients. The claimed positive results from the studies included in this review, however, are consistent with the stronger evidence on mindfulness in chronic pain and other illness population studies [39, 40] . Whilst it is clear that mindfulness training can have positive psychological and physiologic effects, reliable conclusions cannot be reached at this time and further investigation is warranted.
